The study of oxidation-reduction potentials often represents a powerful tool in biological and chemical investigations (1). This paper describes simple techniques for measuring and recording oxidation-reduction potentials in photosynthetic systems. The methods described could easily be adapted to measurements on other biological and chemical systems. (2) apparently represents the energy-absorbing and watersplitting part of photosynthesis. A number of useful techniques have been developed for studying this reaction including the measurement of oxygen evolution (2, 3), the measurement of hydrogen-ion formation (3), and the measurement of rate of decolorization of oxidation-reduction indicators (4). The Hill reaction has been studied in this laiboratory by determining the rate of reduction of added electron acceptors potentiometrically (5). Advantages of this method include (a) increased precision of measurement (±+ 1 %), (b) system volumes of less than 0.25 ml, (c) use of oxidant concentrations as low as 10-6 M, (d) auto-
The study of oxidation-reduction potentials often represents a powerful tool in biological and chemical investigations (1) . This paper describes simple techniques for measuring and recording oxidation-reduction potentials in photosynthetic systems. The methods described could easily be adapted to measurements on other biological and chemical systems.
Isolated chloroplasts of higher plants suspended in solutions of suitable electron acceptors (oxidants) such as ferricyanide carry on reactions of the following type upon illumination: (1) 4 ferricyanide + 2 H20 -4 ferrocyanide + 4 H+ + 02 This reaction, usually called the Hill reaction (2) apparently represents the energy-absorbing and watersplitting part of photosynthesis. A number of useful techniques have been developed for studying this reaction including the measurement of oxygen evolution (2, 3) , the measurement of hydrogen-ion formation (3) , and the measurement of rate of decolorization of oxidation-reduction indicators (4) . The Hill reaction has been studied in this laiboratory by determining the rate of reduction of added electron acceptors potentiometrically (5 figure 2A by use of a template as described in the text. rent operated power supply. The circuit, as operated on batteries, was very stable and showed output changes of less than ± 1 % over 8-hour experimental periods. The device was connected to the Brown recorder, the electrode system, a resistance box, and a potentiometer (fig 1) . The full scale sensitivity of the reeorder could be adjusted from approximately 4 mv to 14 volts with the resistance box R4, while the potentiometer permitted adjusting the recorder to any part of the scale and also provided known voltages for calibration.
The potential versus time recording of a typical Hill reaction experiment is shown in figure 2A . These data may be transformed into a rate curve (percent reduction of ferricyanide versus time) by an application of the Nernst equation (5) dant could be measured simultaneously as described earlier (6) . These electrode vessels were very useful for making potentiometric measurements under different gas phases since the large surface area of the reaction mixture (3.3 cm2 per ml with a 3.0 ml system) permitted rapid attainment of equilibrium conditions. The gassing, shaking, and temperature control procedures were carried out with the standard Warburg apparatus (6, 7) . Electrodes were inserted through sleeve-type serum bottle stoppers. The sidearm was provided so that parts of the reaction system could be kept initially separated if necessary, while the vent permitted passin, any desired gas mixture through the vessel.
SUMMARY
A simple, battery-operated, impedance matching circuit for connecting a platinum-calomel electrode system to a Brown recorder for use in recording oxidation-reduction potentials from biological systems is described. Application The previous paper in this series (1) discussed the metabolism of acetate by the blue-green alga, Nostoc muscorum. These studies have been extended to include other low molecular weight compounds and the present paper describes the results of feeding sodium formate and urea to Nostoc. It will be shown that the carbon in these compounds is not assimilated to a significant degree without prior conversion to carbonate.
MATERIALS AND METHODS
The growth, harvesting, and feeding procedures have been described (1 addition of the labeled substrate, and killed by addition to acid. In urea experiments the acid used was 4 ml of glacial acetic acid. In formate experiments, except two where 8 ml formic acid were needed as a carrier, 2 ml of concentrated H2SO4 were used. The CO2 liberated upon acidification of each aliquot was removed by subjecting the samples to vacuum (30 mm Hg) for ten minutes. In most experiments this acid-liberated CO2 was collected in 10 % NaOH, assayed for radioactivity, and designated as the carbonate fraction. Further fractionation varied according to the type of experiment.
In most formate experiments, the samples were next subjected to high vacuum (2 mm Hg) for 48 hr to remove unchanged formic acid, the condensate being collected in dry-ice cooled receivers. The nonvolatile residues and aliquots of the condensates were oxidized and assayed for radioactivity, and designated as the assimilated and unused fractions.
In the urea feeding experiments, acidified suspensions were evaporated to dryness on aluminum planchets and assayed for total radioactivity. The urea was then hydrolyzed on the planchets by treatment with urease and the residual, non-urea C14 was determined after re-evaporation to dryness, suitable corrections being made for the absorption of radiation by the urease present. The loss in activity on hy-
